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SUMMARY 


MIO propellant, 0,018 inch web, single perforation, was detonated in con- 
figurations representative of orthorhombic shipping boxes, and a simulated in- 
plant c(xiveyor bucket. Blast output parameters were measured and TNT equiva- 
lency was computed based on comparison with TNT hemispherical surface bursts. 
The results of these tests are represented in the table below and in figures on 
the following pages. Within experimental error, the pressures and impulses from 
the orthorhombic and conveyor bucket configurations (11.34 kg, 22.68 kg, 45.36 
kg. 65.77 kg) scaled according to the cube root of charge weight. 


Pressure (P) and Impulse (I) TNT Equivalency (%) at Scaled Distance 


ConflairaUon 2.13m/kg^'^^ 3.57m/kg^'^^ 7.14ra/kg*^^ 

L.Onil^raUO(l 

Mass (3. Oft/lb ) (4.05ft/lb ) (5.38ft/lb ) 9.0fi/lb ) (18. Oft/lb ) 
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15«9m/kg 
(40ft /Ib^'^^) 


Ratio h/w < 1 
U.34ka 
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INTRODUCTION 


BACKGROUND 

Plans are currently underway for designing new and modernizing existing U.S. 
Army Production facilities ..nere MIO propellant is loaded into munitions. Although 
all building and equipment ensigns have not been finalized, it is known that bulk 
quantities of this material will be found at various points in the load, assemble and 
pack (LAP] operations. 

MIO propellant Is a Class 7 (DOT Class B) material and is shipped in four types 
of containers, the type being dictated by the weight of the propellant to be shipped. For 
a quantity of 22.7 kg the required container is a M-17 metal ?ined wood box, Drawing 
Number 76-4-56. For quantities of 45. 4 kg two types of contahiers, a M-24 metal 
lined wood box. Drawing Number 76-4-46 and a M-25 stainless steel vented container, 
Drawing Number 7549033 are used. The M-24 metal lined wood box is also used for 
qimntities of 68.0 kg. The various shipping containers of MIO propellant will be re- 
ceived and stored in Stradley Igloos. The bulk material will then be weighed into 11.34 
kg Increments and transferred via bucket conveyor to the propellant charge preparation 
building . 

Safety engineering and cost eifectlveucs? con.slderatlons require Knowledge of 
hazardous material characteristics as an input to facility design requirements. In 
this instance, specific data is required on the explosive output characteristics of MIO 
propellant in quantities and configurations representative of those found in processing. 

OBJECTIVE 


The objective of this work was to determine the maximum output from the detonation 
of MIO propellant in terms of the airblast overpressure and positive impulse compared 
to known characteristics of a hemispherical surface blast of TNT. 

MATERIAL 

The test material was Propellant, Explosive, Solid Class B Propellant MIO, Type 
2 (Lot numbers RAD 68725 and RAD 88725), 0. 018 inch web, single perforation (SP) 
grain, containing 98 percent nitrocellulose (13.25 percent N), 1 percent potassium sul- 
fate and 1 percent diphenylamine. The propellant was received from Radford Army 
Ammunition Plant in standard shipping boxes (Drawing Number 76-4-46) containing 
65. 8 kg net mass. 
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TEST PLAN 


Airblast output was evaluated for masses and configurations of MIO propellant 
representative of three shipping fcind in-plant situations. Physical characteristics of 
the test items were as follows: 

(1) An orthorhombic container. Figure 1(a), was used to simulate the coiveyor bucket. 
Two-piece telescoping fiberboard boxes were fabricated and filled with 11,34 leg of 
MIO propellant. 

(2) M-17 metal lined wood boxes, Figure 1(b), were used for charge weight of 22. S8 kg. 
The box was approximately half full as shown In the figure. 

(3) M-24 metal lined wood bexes. Figures l(c, d), were used for 45. 4 kg and 65. 8 kg 
quantities of MIO, with boosters placed as shown. 

(4) M-25 stainless steel vented container. Figure 1(e) was used for 45.4 kg quantities 
of MIO px'opellanU 

A conical shaped booster charge of Composition C-4 high explosive was placed in 
the center of the top of each container, burled such that the apex was level with the top 
surface of the test material as shown in Figure 1(f). The booster was detonated with 
an engineers' special J-2 Blasting Cap inserted at the apex and embedded to the cen- 
ter of the cone. A single test for each configuration was performed using n booster 
equal to 1 percent by weight of the test charge, and subsequent visual observations in- 
dicated the absence of unburned propellant. However, since the TNT equivalent weight 
of C-4 is factored out during data analysis, 1.5 to 2 percent boosters were used to 
assure complete detonatiou in subseoiient tests. Three or four tests were performed 
at each specified charge weight. 

The test charge for each configuration was placed on a 0. 61 by 0. 61 Igr 0. 0064m 
thidc 1010 carbon steel witness plate in Hie center of the test area shown in Figure 2. 

The area was refurbished after each test subsequent to measurement of crater dia- 
meter and depth. 

INSTRUMENTATION 


Twelve Susquehanna Instruments Model ST-7 slde-on blast transducers were 
mounted In wooden blocks that were burled so that the jensor was at ground level In 
two arrays within the test area shown In Figure 3. Distances between transducers and 
charges were calculated to correspond to scaled distances of 1.19, 1.61, 2.13, 3.57, 
7. 14 and 15, 87 meter/kg^' The transducers were Individually calibrated prior to 
each test series with pressure pulses from a standard solenoid-actuated air pressure 
calibration fixture, adjusted to correspond to expected blast pressure on an assumed 
TNT equl^mlency of 100 percent. This calibration was verified Initially by measuring 
free field blast pressures from 0.454 kg bare spherical charges of 50/50 pentollte. 
S^nal line continuity aiul channelization were checked prior to each test. Details of 
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Figure 1. Test Container Configurations 






distances between charge and transducers, calibration pressure and expected peak 
blast pressures at each distance are shown in Table 1. 


Table 1. Transducer Calibration and Placement 



Scaled 



Distance in Meters (Ft) From Charge 


Distance 

Calibration 

Expected 

Charge 

Charge 

Charge 

Charge 



Pressure 

Pressure 

Weight 

Weight 

Weight 

Weight 

Channel 


kPa 

kPa 

11.34 kg 

22. C8 kg 

45.4 kg 

65.8 

Number 

tfl/lb*'’) 

(psig) 

(psig) 

(25 lb.) 

(50 lb) 

(100 lb) 

<145 lb) 


1.19 

689 

868.6 

2.67 

3.37 

4. 24 

4. 80 

1. 7 

(3.0) 

(100) 

(126.0) 

(8.77; 

(11.05) 

(13. 9i:) 

(15. 76) 


1.51 

414 

437.5 

3. 61 

4. 55 

5.73 

6.49 

£» A 

(4.05) 

(60) 

(66. 35) 

(11.84) 

(14.9) 

(18. 80) 

(21. 28) 


2.13 

207.8 

250.5 

4.80 

6.04 

7.61 

8.61 

9 

(5.38) 

(30) 

(36.33) 

(iS. 73) 

(19. 8) 

(24.97) 

(28. 26) 


3. 57 

68.9 

87.9 

8. 02 

10.11 


14.41 

4, 10 

(9.0) 

ao) 

(12. 74) 

(26.32) 

(33.2) 


(47. 28) 

5, 11 

7.14 

34.5 

24.9 

16.04 

20. 21 

25. 47 

28.82 

(18.0) 

(5} 

(3.605) 

(52. 63) 

(66.3) 

(83. 55) 

(94. 55) 


15.87 

34.5 

7.45 

35.64 

44.92 

56.59 

64.05 


(40.0) 

(5) 

(1.081) 

(117. 0) 

(147.4) 

(185. 66) 

(210.14) 


Each transducer with inherent charge amplifier was connected to an underground 
coaxial cable system which leads into the instrumentation building, approximately 600 
feet from the test area. All signals were amplified by Dynamic 6457 units and re- 
corded on a 14-track Sangamo Model 4700 tape recorder at 152 centimeters per sec- 
ond (GO ips), along with an initial timing signal from a break wire placed on the 
booster charge and one millisecond timing pulses. The nominal response (-3dB) for 
this recording system is 30 kHz . Data from channels 1, 2, 7 and 8 (i.c. , the closest 
transducers) were simultaneously recorded at 305 centimeters per second (120 ips) on 
a Honeywell Model 96 tape recorder. Data from the magnetic tapes, read at 19.05 cm 
per second, was recorded on a Honeywell Model 1612 oscillograph operated at 101.6 
cm per second. 

Photographic coverage was restricted to one test for each conflgaration, see 
Figure 3. Motion picture coverage included a Hycam Model 41. 004 camera operated 
at 1500- 4000 frames per second (fps) and one Mitchell camera operated at 24 fps, 

Ono Hulcher Model 40, 70-mm sequencing still camera, was operated at 20 pictures 
per second. Fiducial markers in the field of view with 3. 05 meter spacing aided in 
determination of fireball diameter. Standard meteorological data was recorded for 
each test. 


















































RESULTS 


DATA ANALYSIS 

Pc<Uc blast ovexpressure, time of arrival and scaled positive impulse in- 
formation was obtained in direct analog form from the oscillogpraph records. 
After exclusion of poor results that could be attributed to instrumentation mal- 
function, impingement of fragments on die transducer elements or improper 
calibration, average values for peak pressure and scaled positix'e impulse were 
calculated for each weight and scaled distance. 

Tte average peak pressures were compared directly with staniard refer- 
ence curves for hemispherical TNT surface blasts (Reference 1) to derive TNT 
equivalency (£p) as a percentage by weight based <m equivalent side-on Mast 
pressure at equal distances from the charge: 


E = 100 
P 

TNT 

= 100 

1 

N 

M 

0 

1 

(1) 


w 

MIO ^ 

constant 

Z TNT 

constant 


pressure pressure 

and distance 


where W is the weight of explosive, Z is scaled distance, P is the peak blast 
pressure and the subscripts refer to the explosive material. 

Calculations of TNT impulse equivalency were based cm the analytical method of 
McKown and McIntyre (Reference 2). Thus the impulse eqiivalencty, £j, is given 
in terms of measured parameters by 


0.0163 2 


1.42 

MIO 


•r 1.58 
MIO , 


( 2 ) 


1/3 

where I is the measured impulse in (kpa) (msec)Ag ' at scaled distance Z > 
in metersAg*’^^. 


An analysis of contributions to the measured peak pressure and impulse 
showed that die weight of booster material used for these tests is insignificant. 
To a first approximation, the TNT equivalencies of the C4 booster and the MIO 
propellant were assumed equal, i.e. , the actual explosive charge weight is the 
sum of the booster and test material. Neglect of the booster then correspmids 
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to an error of 2 percent in weight of explosive and a maximum error of 1 per- 
cent in scaled distance. Uncertainties of this magnitude produce corresponding 
errors in pressure and impulse that are considerably below the standard devia- 
tion of reference tables (Reference 1) and are an order of magnitude less than 
eiqierimental errors in normal blast measurements. The same conclusion is 
obtained for any reascmable assumption concerning the actual eqiivalency of the 
booster material; the contribution may be totally neglected for booster weights 
on the order of 2 percent, test material equivalencies in the range of 50 Per- 
cent to 300 percent, and scaled distances in the range from 1 to 16 m/kg ^ . 

TEST RESULTS 

Data sheets for all tests with pertinent measured parameters are given in 
Appendix A. Selected pretest and posttest still photographs are given in Appen- 
dix B. Test numbers shown are for local reference oily and provide access to 
original range data files. 

Average pressure, scaled positive impulse, and time of arrival data, wittr 
standard deviations, are summarized by test configuraticn in Tables 2 thru 6 
and Figures 4 thru 9. Percent TNT equivalencies for all charge weights are 
shown in Figure 10 as functions of scaled distance. Composite equivalency 
curves based upon similar ratios of height to weight (h/w) are shown in Figure 11 
and are reproduced in the Summary section of this report . Fireball duration and 
diameter as measured from the high speed motion pictures are given in Table 8. 

: JCUSSION 

The plots of peak pressure versus scaled distance (Figures 4 thru 8) from 
the orthorhombic configuration show the same general trend that has been ob- 
served in recent TNT equivalency determinations on other explosive and pro- 
pellant materials. Compared to corresponding TNT hemispherical surface 
bursh the observed pressures are greater at the near field values (Z < 6 m/ 
kg ' ) and less than the standard for far field values (Z >6 mAg^' ^). hnpulse 
versus distance data shows similar tendencies, although impulse equivalencies 
were significantly higher than the pressure equivalencies at the near field values. 
Pressure and impulse data obtained from the 11.34, 22.78 and 45.5 kg charge masses 
in similar ratio h/w < 1 are fit by a single curve. Similarly, data from the 
45 . 4 and 65 . 8 kg with similar ratio h/w > 1 also plot as a single curve . The 
composite data is shown in Tables 7 and 8 and Figures 9, 10 and 11. Essentially S- 
shaped TNT E^ivalenc^ curves were di>tained fay use of the mean data, see Figure 12. 


Figure IS is a graphical presentation of the deviation from cube roov scaling 
using the MIO propellant data. A positive slope indicates that increasing charge 
masses at constant scaled distance results in an increase in pressure or impulse 
equivalency. Conversely, a negative slope is indicative of a decrease In pressure 
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or impulse equivalency for increased charge masses. Although a positive slope 
was obtained for side-on pressure and a negative slope was observed for scaled 
impulse, to within experimental error the data correlated with the standard 
TNT cube root scaling for all charge weights tested. 

Fiiet^l characteristics shown in Table 9 were obtained from the high speed 
motion pictures taken during a singular test at each charge weight. Tbe fireball 
diameter and duration were compared to predictions from equaticms given by 
Hi^ (Reference 3): 


D = 3.86W®*^^° ; T^^ = 0.299 


where D is the fireball diameter in meters, W is the weight of material in kilo- 
grams, and T^ is the duration in seconds. 


The observed fireball diameters do not agree with predicted values except 
for the data from the 11. 34 kg test, and there does not appear to be any general 
correlaticxi in the data. The fireball durations are fit reascmably well if the 
constant is revised, i. e. , 


T » 0. 13 W 
D 


,0. 320 


It is apparent that variations due to container construction, geometry, and ullage 
prohibit a detailed analysis with the limited data from these tests. 

The 24 frame per second motion pictures were used only for test dociimen- 
tatimi and for verification of the fireball information obtained from the high speed 
film. The Hulcher camera provided excellent documentary photogriqphs of the 
reacticm characteristics, as shown in Appendix B. 


CONCLUSI(»JS 

1. The pressure and impulse TNT equivalency of MIO, Type 2, SP 0. 018 
propellant in four orthorhombic configurations varies with scaled distance 
and is greater than 100 percent at near field values (Z < 3m/kg^/^) and 
less than 100 percent at far field values (Z >3mAg^^^). 

2. Within experimental error, the pressures and impulses from fiie ortho- 
rhombic and cmiveyor bucket configurations (11. 34 kg, 22. 68 kg, 45. 36 kg, 
65. 77 kg) scaled according to the cube root of charge weight. 

3. The blast output from MIO propellant Is dependent upon the oonfiguratlon in 
which it ie detonated. 
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Table 2. Summary of Test Results, 11. 34 kg Charges 


R, meters 
(ft.) 

2, 

Time of 
Arrival 
(ms) 

Peak 

Pressure 

kPa 

(PS4 

Scaled Positive 
Impulse 
kPa. msAgV% 
(pel. ms/lbs ) 

Pressure 

TNT 

Equivalency 

Percent 

Impu'ise 

TNT 

Equivalency 

Percent 

2.67 
(8. 77) 

1.19 

(3.00) 

0.99 10 

1138+119 
(165. +17. 3) 

593.9+106.8 

(66.18+11.9) 

155 +15 

38^100 

3.61 

(11.84) 

1.61 
(4. 05) 

1.7440.15 

578.408 

(83.94j9.8) 

336.2+52 
(37.47+5. 8) 

140+22 

300+35 

4.80 

(15.7) 

2.13 

(5.38) 

3.17^.22 

245. 2440 
(35.57+5.71) 

156.2+25.1 

(17.41+2.8) 

95+24 

120+35 

8.02 
(26. 3) 

3.57 

(9.0) 

9.2240.53 

71.746.8 

(10.4^.99) 

56. 7+10. 8 
(6. 32+1. 2) 

70+10 

60+15 

16.04 

(52.6) 

7.14 
(18. 0) 

29.6140.73 

19.2+2 

(2.7840.33) 

35.4+4.0 

(3.9^0.45) 

60+14 

7^ 

35.7 

(117.0) 

15.87 

(40.0) 

83.93+1.03 

6. 6+0. 4 
(0.95+0.06) 

17.9+1.9 

(2.00+0.21) 

75+7 

85+15 


Table 3. Summary of Test Results, 22. 68 kg Charges 


R, meters 
(ft.) 

Z, 

(ft/lbs^^® 

Time of 
Arrival 
(ms) 

Peak 

Pressure 

kPa 

(pslg) 

Scaled Positive 
Impulse j .g 
kPa. msAg 
(psL ms/lb^'^^) 

Pressure 

TNT 

Equivalency 

Percent 

Impulse 

TNT 

Equivalency 

Percent 

3. 37 
(11.1) 

1.19 

(3.0) 

1. 25+0. 09 

1146+128 
(163. 3+18. 6) 

492.3+66.4 

(54.86+7.4) 

145+20 

345+70 

4.55 

(14.9) 

1.61 

(4.05) 

2.09+0.18 

634442 
(91.“946. 05) 

296.9470.0 
(33. 0^7. 8) 

155+15 

250^5 

6.04 

(19.8) 

2. 13 
(5.38) 

3.76+0.12 

337+92 

(48.~86+13.4) 

141.4+17.9 
(15. 7^2.0) 

150^0 

115440 

10.1 
(33. 2) 

3.57 

(9.0) 

10.16+0.17 

79.344.5 
(11. 5040.65) 

57. 7+8. 1 
(6. 4^0. 9) 

85+5 

60+7 

20.2 
(66. 3) 

7.14 

(18.0) 

37.4340.19 

18.3+1.0 

(2.66^.15) 

34.6+2.7 
(3. 8^0. 3) 

60+5 

76+8 

44.9 

(147.4) 

15.87 

(40.0) 

106.2140.46 

7. 7+1. 7 
(l.fl+0.24) 

17.0+3.6 
(1.9^0. 4) 

90+25 

80+25 



P 
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Table 4. Summary of Test Results 45.4 Cliarges With a Ratio h/w < 1 


R, meters 

(ft.) 


Time of 
Arrival 
(ms) 

Peak 

Pressure 

kPa 

(psig) 

Scaled Positive 
Impulse 
kPa. ms/kg 
(psi.ms/Ibs ) 

Pressure 

TNT 

Equivalency 

Percent 

Inpulse 

TNT 

Equivalency 

Percent 

4.24 

(13.92) 

1.19 

(3.0) 

mm 


416. 7^ 
(46. 4mo) 

135430 

25.W0 

5.73 

(18.80) 

1.61 
(4. 05) 


61^32 

(39.~7+4.7) 

293.3472 

(32.6940) 

150410 

230470 

7.61 

(24.97) 

2.13 

(5.38) 

4.40j0.45 

3674^ 
(53.~2+12. 0) 

167. 8427 
(18.743.0) 

165445 

125425 

12.73 

(41.77) 

a. 57 
(9.0) 

14.6740.75 

71.747.1 

(10.441.00) 

58.942.2 
(6. 5640. 24) 

75410 

6545 

25.47 

(83.55) 

7.14 

(18.0) 

47.im.62 

18.843.4 
(2. 7^. 5) 

28.542.1 
(3. 1840. 23) 

60415 

55410 

56.59 ^ 

(185.66) 

15.87 

(40.0) 

134.0442. 18 

7. 1041.6 
(1.0340.23) 

1 

10. 1+2. 7 

(1.12+0.3) 

~ 1 

9S420 

i 

55415 


Table 5. Summary of Test Results 45. 4 kg Charge in the M-25 Stainless Steel Vented 
Container With a Ratio h/w > 1 


R, meters 
(ft.) 

(ft/lbs^'^^) 

Time of 
Arrival 
(ms) 

Peak 

Pressure 

kPa 

(pslg) 

Scaled Positive 
Impulse j/g 
kPa> ms/kg ^ 
(psi*ms/lbs ) 

Pressure 

TNT 

Equivalency 

Percent 

Impulse 

TNT 

Equivalency 

Percent 

4.24 

(13.92) 

1.19 

(3.0) 

1.43^. 11 

1350^9 

(195.“846.5) 

353^73 
(39.148. 1) 

185415 

215470 

5.73 
(18. 80) 

1.61 

(4.05) 

2.454<).13 

8274155 

(12^22.5) 

269463 

(30^7) 

200^5 

175^5 

7.61 

(24.97) 

2. 13 
(5.38) 

4.3740.5 

333470 

(48.1410.1) 

186422 

(20.142.5) 

150445 

185^5 

12.73 

(41.77) 

3.57 

(9.0) 

12.9441.72 

78.648.3 
(11. 2) 

52^.9 

(5.141.1) 

85415 

45425 

m 

j^nmii 

4541.74 

21.742.8 
(3.1^. 4) 

26.541.8 

(2.9540.2) 

80420 

45410 

56.59 

(185.66) 

15.87 
(40. 0) 

132.942.1 

7, 1^.8 
(1.0340. 12) 

6.341.8 
(. 7±0. 2) 

60420 

1546 
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Table 6. Summary of Test Results 65. 77 kg Charges 


R, meters 
(ft) 

Z, 

(ft/lbs^'^^) 

Time of 
Arrival 
(ms) 

Peak 

Pressure 

kPa 

(psig) 

Scaled Positive 
Impulse j .g 
kPs.msAg , ,3 
(psi. ms/lbs^' ) 

Pressure 

TNT 

Equivalency 

Percent 

Impulse 

TNT 

Equivalency 

Percent 

4. 80 
(15.76) 

1.19 

(3.0) 

1.75+0.15 

934+113 
(135. 5+16. 4) 

340.6+119 

(37.90+13.3) 

110+20 

180+48 

6 . 49 
(21.28) 

1.61 

(4.05) 

2.72+0.36 

587+05 

(85.1+12.3) 

368+130 
(41.~02+14. 5) 

13()+15 

350+49 

8.61 
(28. 26> 

2.13 

(5.38) 

4.62+0.67 

312+00 

(45.~2+13.04) 

161.3+33 

(17.98+3.7) 

160+40 

150+25 

14.41 

(47.28) 

3.57 

(9.0) 

13.97+1.64 

90.4+14.2 

(13.U+2.06) 

68. +15 
(7. 58+1. 7) 

105+20 

75+28 

28.82 
(94. 55) 

7,14 

(18.0) 

50.5+1.97 

21 . 1+1 
(3. 06^. 13) 

29.8+5.5 
(3. 32+0. 61) 

75+ 5 

60+16 

64. 05 • 
(210.14) 

15.87 

(40.0) 

147.8+1.98 

8.1+1.37 

(l.f7^.2) 

11+3 . 6 
(l.~23+0.4) 

110+30 

40+12 


Table 7. Summary of Test Results of 11.34, 22.68 and 45.36 kg Charge Weight Combined 
with Ratio h/w < 1 


Scaled 
Distance . 
Z. m/kR'*^ 
(ft/lbs^3) 

Scaled 
Time of 
Arrival 
msAg^^^ 

Peak 

Pressure 

kPa 

(psig) 

Scaled Positive 
Impulse . 

kPa.msAg 
(psl* ms/lbs^' ) 

Pressure 

TNT 

Equivalency 

Percent 

Impulse [ 

TNT 

Equivalency 

Percent 

1.19 

(3.0) 

0. 44+0. 03 

1027+83 

(149_^2) 

501+72 

55.8+8) 

113+10 

326 j^39 

1.61 

(4.05) 

0. 76+p. 04 

613+48 

(88.‘9+7) 

318fJ6 
(35. “ 444 ) 

143+14 

279+42 

2.13 

(5.38) 

1.32+U.07 

299^2 
(43 .“ 4 + 9 ) 

149+18 

(16.6+2) 

138431 

128_+22 

3.57 

(9.0) 

3.84+0. 18 

74+7 

(10.7+1) 

59.244.5 
(6. 6+U. 5) 

87+13 

64+8 

7.14 
(18. 0) 

13.1740.28 

19+2 

(2.“?+0.3) 

32* 344* 3 
(3.6+Oe 7) 

62+11 

71+8 

15.87 
(40. 0) 

37.47f).46 

7.6+1. 4 

(1. i+0. 2) 

16.6+2.7 
(1. 8^. 3) 

934^ 

77+15 
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Table 8. Summary of Test Results of 45.4 and 65.8 kg Charge Weights Combined With 
Ratio h/w < 1 


Scaled 
Distance. 
Z, m/)^ 

Scaled 
Time of 
Arrival , 
msAg^^^ 

Peak 

Pressure 

kPa 

(paig) 

Scaled Positive 
Impulse 
kPa. ms/kg . 
(psi«ms/lbs ) 

Pressure 

TNT 

Equivalency 

Percent 

Impulse 

TNT 

Equivalency 

Percent 

1.19 

(3.0) 

0.43j<).03 

1218+193 

(176.6+28) 

347454 

(38.7+61 

163^6 

211+43 

1.61 

(4.05) 

0.68j^.05 

5794^ 

(83.”9+12) 

347464 
(38. 7+6) 

140+29 

329_+51 

2.13 

(5.38) 

1, 19+0. 11 

325400 

(47.1+13) 

169+27 
(18. 8^) 

151449 

164+29 

3.57 

(9) 

3.28+1.00 

81.440 

(11.8+1.3) 

6240 

(6.9+1) 

89+17 

79+16 

7. 14 

as) 

12.57^.30 

20. 9+U.U 
(3.0^0.11) 

28. 7+J. 6 
(3.2+0. 4) 

7446 

57+10 

15.87 

(40) 

36.72+ .38 

8.5+1. 7 
(1.24j|^0. 24) 


140^5 

30+10 


Table 9. Fireball Duration and Diameter 



Maximum 


Charge 

Fireball 


Weight. 

Diameter, 

Fireball 

kg 

meters 

Duration. 

(lb) 

(ft) 

ms 

11.34 

9.14 

300 

(25) 

(30) 


22. 68 

18.29 

300 

(50) 

(60) 


45.4 

19. 81 

550 

(100) 

(65) 


65. 77 

30.48 

550 

(145) 

(100) 

- - 


* 
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Ratio h/w = 1:2.5 
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Figure 5. Pressure and Impulse vs. Scaled Distance* 22. 68 kg Charges 


16 







PRESSURE SCALED DISTANCE, m/kg 
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PRESSURE SCALED DISTANCE. ftAb 

Figure 7. Pressure and Impulse vs« Scaled Distance. 45.4 kg Charge 
M-25 Stainless Steel Container Ratio h/vr = 1: 0.4* 
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Figure 9. Pressure and Impulse vs. Scaled Distance for Combined Weights of 
11.34, 22.68 and 45.4 kg Charges with a Ratio h/w < 1 
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Where p ^ = Side on Pressure* 11. 34 kg Charge Weight 
Pj * Side on Pressure, i*^ Charge Weight 

Figure 13. Deviation From Cube- root Scaling of MIO Propellant. 
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Fireball Characteristics from Hulcher Model 40 
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22. 68 kg Charge Weight 
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Fireball Characteristics from Hulcher Model 40 
Sequencing Camera (Frame Rate 50 ms/frame) 
45. 4 kg Charge Weight 
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Fireball Characteristics from Hulcher Model 40 
Sequencing Camera (Frame Rate 50 ms/frame) 
65. 8 kg Charge Weight 
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reviewed and Is approved by Hq, ARRCOM Including DRSAR-SF and HQ, DARCOM, 
DRCSF-E. 


2. Request ARRADCOM proceed with 'l;he final publication of the report. 


FOR THE COMMANDER: 


wd all Incl 
CF: 

PM, MPBME 

(DRCPM-PBM-T-SF/ 

DRCPM-PBM-LA/DRCPM-PBM-LN2) 

Cdr, DARCOM 

(DRCSF-E) 
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GEORGE yd COWAN 
Chief, chemical 
Technology Jivislon 
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